Little is known about the long-term impact of BRCA1/2 testing on the relationships between family members. We assessed the incidence of positive and negative family relationship effects of BRCA1/2 testing in the 3 years after result disclosure and identified predictors of these effects.
intROdUctiOn
Genetic testing for cancer susceptibility is a family process. 1 Individuals undergoing testing first need to gather a precise family cancer history, which may entail asking relatives to recollect difficult past events. Further along in the process, the genetic test result will have medical and psychological implications not only for the counselee but also for his/her relatives. For instance, first-degree relatives of a BRCA1 or BRCA2 mutation carrier have a 50% risk of having this mutation. Female carriers have a lifetime risk of developing breast cancer, which varies between 43 and 85% and between 11 and 66% for ovarian cancer. 2, 3 To a lesser degree, BRCA1/2 mutations also predispose males to certain types of cancer. 4, 5 The psychological adjustment of individuals undergoing genetic testing for cancer susceptibility has been studied extensively. [6] [7] [8] In general, no major long-term adverse psychological consequences seem to result from the genetic testing process with the exception of a consistently present subgroup of individuals who report distress. 7, 9, 10 Although what causes psychological difficulties for this subgroup is still unclear, it has been proposed that psychological adaptation should be analyzed not only at the individual perspective level but also in the context of the family interrelationships. 11 Presently, family members carry responsibility for notifying relatives about the presence of cancer-predisposing mutation. 12, 13 Some family members who have assumed the role of informant have encountered resistance to dispersion of information about familial mutations and sometimes feared to be the focus of resentment from relatives.
14 Previous studies have shown that individuals undergoing BRCA1/2 genetic testing share their test result with most, but not all, of their first-degree relatives quickly after it is disclosed. 15, 16 Motivations to communicate include the desire to obtain social support and to offer advice about preventive health strategies. 15, 17 Reasons for not communicating results to relatives include lack of a close relationship, infrequent communication, or thinking that the genetic information might upset a particular relative. [17] [18] [19] Despite accumulating knowledge on the psychological and communication aspects of genetic testing, little is known about the effects of the testing process on family relationships per se. Although positive family relationship effects have been reported more frequently than negative ones, these results come mainly from cross-sectional studies with small samples and with a time since result disclosure, which varied considerably between subjects. [20] [21] [22] [23] [24] [25] Only a few studies were specifically conducted to quantify the effects of the genetic testing process on family relationships. [26] [27] [28] Data on the incidence of long term (i.e., >1 year) of family relationship effects after the receipt of test result are still lacking.
Two characteristics have been reported to be associated with negative effects on family relationships: mutation carrier status and lack of open communication. 25, 27 In the months following the test result disclosure, a decrease in the level of family cohesion and expressiveness have also been reported. 26, 28 To the best of our knowledge, no study has yet evaluated how other sociodemographic, medical, and psychosocial characteristics are associated with the incidence of long-term effects on family relationships in the context of BRCA1/2 genetic testing. Identification of the possible relationship effects and their modifiable factors can help to develop strategies to relieve concern about possible adverse impacts of genetic testing on family interrelationships, which may in turn encourage testing for those at high risk of being mutation carriers.
We were able to investigate these effects in a prospective study we initiated in 1998 aimed at assessing quality of life, healthrelated behaviors, and family communication issues. Multiple sources were used to identify relevant variables to include in the follow-up questionnaires. [29] [30] [31] [32] At the time we planned the study, conceptual frameworks on psychosocial aspects of genetic testing were not well established. However, our work adheres basically to the Family System Genetic Illness model, which entails that the genetic information of one family member influences the entire family and that family dynamics will go into different phases over time. 33 The objectives of this prospective study were to assess the incidence of positive and negative effects on family relationships of BRCA1/2 testing 3 years after result disclosure and to identify predictors of these effects.
mAteRiALs And metHOds
This study was part of the INHERIT BRCAs (Interdisciplinary Health Research International Team on Breast Cancer susceptibility) research program in which BRCA1/2 genetic testing was provided to French-speaking individuals in the province of Québec, Canada, who had a family history suggestive of an inherited breast and/or ovarian cancer susceptibility. 34 Methodological details have been described previously. 34, 35 In brief, all women and men who had undergone BRCA1/2 testing between 1998 and 2004 were invited to participate in a longitudinal psychosocial study. Data were collected through four different mailed self-report questionnaires, the first administered shortly after the education session conducted before genetic testing and then the others 1, 12, and 36 months after disclosure of the genetic test result. This study was approved by the institutional ethics review boards of all participating institutions. All participants provided signed, informed consent.
Positive and negative effects on family relationships
Reports of the incidence of positive and negative effects on family relationships were collected in the 3-year follow-up questionnaire using the following question: "Did the fact that you had genetic testing improve relationships with any of your relatives?" The incidence of negative effects was assessed by a similar question: "Did the fact that you had genetic testing disrupt relationships with any of your relatives?" Participants answering "yes" to either question were then asked to identify, from a preestablished list, the family member(s) with whom these effects were experienced.
Predictors of family relationship effects
Sociodemographic, medical, and psychosocial characteristics potentially associated with these outcomes were assessed shortly after the pretest education session and/or 1 month and 12 months after result disclosure. Sociodemographic characteristics included gender, age, educational level, marital status, and having children. Medical variables included the genetic test result (carrier, noncarrier, and inconclusive), a personal cancer history before testing, having had a cancer diagnosis in the period after result disclosure, any cancer diagnosis in the family in the last 12 months, and deaths of family members from all causes in the last 12 months. The order in which participants were informed of their BRCA1/2 test result within their family was also considered. A number of psychosocial variables were assessed. Consistent with the classification proposed by Kasparian et al., 36 these measures pertained to psychological adjustment, knowledge, risk perception, decision-related outcomes, and social support. A detailed description of these psychosocial measures and time when assessed are provided in Table 1 .
statistical analysis
The 3-year incidences of positive and negative effects on relationships and their 95% confidence interval (CI) were computed. The proportions of participants reporting positive and negative effects on relationships with each type of first-degree relatives and the spouse were computed. Because of how the question was formulated, the number of living relatives in each category is not available, and, therefore, specific incidences of effects for each first-degree relative could not be computed. All potential predictors were dichotomized ( Table 1) . This was done to facilitate group comparisons and to deal with the fact that most characteristics were not normally distributed. To identify predictors of positive and negative effects, we proceeded in two steps. First, we identified statistically significant univariate associations with the Fisher exact test (bilateral P ≤ 0.05). Second, using multivariate logistic regression models, we forced the entry of the genetic test result and then-with a forward stepwise selection procedure (inclusion criterion P ≤ 0.05 and removal criterion P > 0.10)-retained significant variables. To account for the few missing data, two approaches were used, dummy variables and listwise deletion. 44 As the findings were unchanged by the choice of method, results with missing data treated with dummy variables are presented. Multilevel models Cut-off corresponds to observed median value in this study. Cut-off value for highest quintile observed in the general population of Québec. 
ResULts
Initially, 750 (86.7%) individuals agreed to participate and completed the pretest questionnaire. Over the course of the study, 25 subjects died and 31 were no longer eligible due to their participation in another study. Of the remaining 694 subjects, 142 (18.9%) were excluded from the present analyses because they did not complete all follow-up questionnaires. Thus, a total of 552 individuals (79.5% of the 694 subjects eligible at follow-up) from 201 families completed the 3-year follow-up. The average number of participants per family was 2.7 (range: 1-23). Participants' mean age was 51.3 years (range: 18-87). When compared with the initial cohort, the final cohort displayed similar characteristics ( Table 2 ). The intraclass correlation coefficients-used to estimate the family cluster effects or the degree of similarity between responses of family members-were 0.05 for positive family relationship effects and 0.25 for negative effects.
Overall, 470 participants (85.1%) did not report any effectpositive or negative-of genetic testing on their family relationships. The 3-year incidences of positive and negative effects on family relationships were 13.2% (95% CI: 10.3-16.1) and 3.7% (95% CI: 2.1-5.3), respectively. Eight participants (1.4%) reported both positive and negative effects. Proportion of participants reporting positive and negative effects of genetic testing on relationships with each type of first-degree relatives and their spouse are displayed in Figure 1 . For both positive and negative effects, sisters were the relatives most frequently reported to be involved. For positive effects, daughters were the second most frequently involved family members.
Predictors of positive effects
An inconclusive test result was marginally less likely to be associated with report of positive family relationship effects than either positive or negative results. Five other characteristics were associated with positive effects on family relationships in the multivariate model ( Table 3) . Age ≥60 years was associated with positive effects on family relationships. Two were psychological adjustment variables, namely moderate to high cancer-specific distress and intolerance for uncertainty. Having an extended support network, as defined by the number of confidants and close relationships, was also associated with the incidence of positive effects.
Predictors of negative effects
The test result was not associated with the report of negative family relationship effects, although, again, participants who had an inconclusive result tended to less frequently report such effects than mutation carriers. Only three other variables were associated with the incidence of negative effects in the multivariate model: having a low educational level, considering or having decided to undergo a prophylactic mastectomy and being unsatisfied with social support available for confiding about testing ( Table 4) .
discUssiOn
Our findings do not support the belief that family relationships are frequently disrupted by BRCA1/2 testing. To our knowledge, this study is the first to have evaluated both prospectively and in the long term the effects of BRCA1/2 genetic testing on family relationships on a large cohort with good participation of both women and men who have undergone testing. The great majority of relationships with family members were unaffected by getting testing results, as reported by the tested individual. Although cancer-specific psychological distress was assessed at different time points, only the pretest measure was associated with the report of positive effects in the multivariate logistic regression model. NA, not applicable because the participant was either a man or a woman who had a bilateral mastectomy to treat breast cancer.
d Although satisfaction with social support to confide about testing was assessed at different time points, only the measure taken at 1 month postdisclosure was associated with the report of negative effects in the multivariate logistic regression model.
Where there were changes, the positive effects were nearly four times more frequent than negative ones. The incidences observed are in line with those previously reported in either cross-sectional or shorter-term follow-up studies. [20] [21] [22] [23] [24] [25] 27 These studies have also reported, similar to this study, more positive than negative family relationship effects. [20] [21] [22] 24, 27 Taken together, these results offer reassurance about potential family effects to individuals considering BRCA1/2 testing.
The association between psychological adjustment difficulties, such as cancer distress and intolerance for uncertainty, and the more frequent reporting of positive effects of genetic testing is intriguing. Little is known about the effect of psychological distress on family relationships in the context of genetic testing. With respect to family reactions to genetic testing for cancer susceptibility, Koehly et al. 46 observed that a communal coping strategy, defined by the use of group support to cope, is sometimes used by family members. Some qualitative studies have also reported that the genetic testing process had stimulated communication, improved connections, and brought individuals to address this potential threat together, as a family. [47] [48] [49] Furthermore, this phenomenon of communal coping is consistent with the Family System Genetic Illness model which conceives of the family as an important source of support. 33 It may be hypothesized that individuals who have more cancer-related distress benefited or elicited more from the family communal support. A possible scenario might be that distressed individuals turned more to their family members to adjust to the threat of genetic information, and this may have enhanced relationships. For some participants, intolerance for uncertainty may have been relieved by receipt of a genetic test result. Those previously much burdened by difficulty tolerating uncertainty about cancer risk may have been pleased to share their relief with family members. Lessening of the anxiety associated with uncertainty may have enhanced the relationship with relatives. The fact that individuals with psychological adjustment difficulties reported positive relationship effects later on suggests that it could be relevant to develop strategies which may help patients enlist their relatives in ways which enhance group support and family communal coping. 50 Our observation that a favorable attitude toward prophylactic mastectomy is associated with negative effects on family relationships supports the need for professionals preparing patients considering this procedure about this possible consequence. Previously, qualitative studies have reported negative familial effects such as relatives being shocked and upset following family discussion about a woman's wish to have prophylactic mastectomy. 51, 52 A case history described how family pressure for a high-risk women to undergo prophylactic mastectomy may be associated with distress. 53 However, this is the first time that there has been quantitative evidence of the extent to which considering or having decided to have prophylactic mastectomy was associated with the report of negative effects in family relationships.
In this prospective study, different measures of social support were associated with positive and negative effects. One previous study reported that receiving support from family members played an important role in affecting relationship bonds throughout the testing process. 48 Although it seems intuitive that strong social support is associated with more frequent reports of positive effects and unsatisfying social support with negative effects, the fact that significant associations were observed for these characteristics when measured years before the outcomes suggests the presence of a causal pathway. It may, therefore, be relevant to assess the availability of and satisfaction with social support early on during the genetic testing process to offer relevant, timely and situation-specific professional support and advice on ways to seek and receive social support. 54 To our knowledge, this is the first time that older age has been associated with positive family relationship effects in the context of BRCA1/2 testing. A possible explanation could be that older individuals often assume a pivotal role within their family with respect to support and information sharing about genetic testing. 55 This role may create opportunities to experience positive effects on family relationships related to genetic testing by feeling efficacious about moving others to testing or to improved surveillance or surgery.
The fact that sisters were the most frequently involved relatives for both positive and negative effects is in line with previous findings. Sisters are among the relatives with whom BRCA1/2 testing is the most frequently discussed. [16] [17] [18] 56 They may also face similar immediate decisions, which may help them to build positive bonds as they share information and experiences in deciding what steps to take to deal with hereditary susceptibility. Our data may also offer reassurance to parents who worry considerably about potential adverse effects of genetic testing on the relationship with their daughters, as in our study, the perceived impact on these relationships, when present, was positive.
The observation that individuals with an inconclusive test result tended to report less frequent family relationship effects, either positive or negative, may suggest that they have less opportunity for the kind of communication about results that could lead to changes in their relationships with family members. Communication between relatives about inconclusive results may be less frequent either because this result is not considered very informational or because its meaning is more difficult to convey. They may also not have to face the same burden of communicating to potential at-risk relatives or of facing difficult medical decisions as the ones facing individuals from mutation-positive families. 57 The design and methods of this study have several strengths that increase confidence in our findings. This is the first study to be conducted prospectively for such an extended time period when compared with effects over the first 6-12 months previously reported. Our design resulted in a uniform follow-up for all subjects, which is very important because family dynamics change over time. Furthermore, a wide range of sociodemographic, medical, and psychosocial characteristics was assessed at different time points along the genetic testing process, including before the test result disclosure. As a result, we identified several predictors of both positive and negative family effects, which deepen our understanding of this new research area. The sample size, which is twice as large as those of previous studies, allowed us to examine infrequent outcomes in multivariate analyses. Finally, the statistical approach took into account the family cluster effects, which mean that standard error estimates were not biased by the fact that some participants were recruited from the same family.
This study also has some potential limitations. Possible selection bias is one. Even if initial participation and retention were fairly high, we cannot definitively exclude the possibility that the family relationship effects experienced by nonparticipating subjects differed from those of participants. However, the observation that no major difference exists between the characteristics of the initial cohort and those still in the study 3 years later is reassuring. The use of a single question to measure negative and positive family relationship effects is another potential limitation. The dichotomous items used in this study assessed either the presence or the absence of effects but did not provide further information about their causes, timing, or extent. It is possible that these items were subject to response bias, such as social desirability and accuracy of recall. We can speculate that family effects were more likely to be reported if they occurred close to the measurement time and/or if they were large effects. As we asked questions about effects at one time period, 3 years after disclosure, it is possible that later effects were disproportionately remembered and reported. Recognizing that our study questions were not designed to gather in-depth information about relationship effects, these clear and simple items still enabled a quantitative assessment of such effects. Finally, this study might have overlooked other potential predictors of family relationship effects; family communication is probably one of them. Even if the genetic test result per se is known to be communicated to a great proportion of first-degree relatives, 15, 16 less is known about the manner of telling, the information conveyed, and subsequent discussions about hereditary cancer. 1 Clearly, this important research area is embedded with several challenges, including the development of valid and sensitive measures of the unfolding process of family communication.
Future research using mixed qualitative and quantitative methods can explore further the range, nature, quality, and personal impact of such relationship effects. Future longitudinal research over a more extended period of time could also help clarify longer-term impact on family and individual life course development. 58 One could hypothesize that nodal points of heightened psychosocial strain would occur with transitions in family/individual member development and significant health events, such as cancer diagnosis or cancer death, in the immediate or extended family. 59 This study underscores the importance of medical genetics professionals discussing with their patients potential family effects that might be encountered when undergoing genetic testing for breast and ovarian cancer susceptibility. It also highlights particular subgroups of subjects who may merit stronger or more long-lasting professional support. This may include younger women who are leaning toward undergoing prophylactic mastectomy, which may be an increasingly large group as more second-generation daughters of mutation carriers are tested. However, additional and more in-depth study of the causes, timing, and extent of effects on family relationships during the course of the genetic testing process is still needed. The communication of genetic test result is clearly important to subsequent family relationship effects. Determination of the relevant factors which predispose to positive effects should be addressed in future research on the manner of telling, the information conveyed, and subsequent discussions about hereditary cancer. 1 Because previous research efforts have tended to focus on negative effects, 60 we suggest that studying positive and neutral effects is just as important. A better understanding of how BRCA1/2 testing can positively affect family dynamics may suggest strategies for genetic service providers to help individuals get the greatest benefit from their testing experience and relieve the burden of concern for those considering testing about the impact of family disclosure on relationships with close relatives. 
